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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. In heavy ion reactions, at energies near and above the Coulomb barrier, the structure of the elastic and inelastic cross-sections, strongly 'depends on the scattering angle region. On one side of the grazing angle 0~ (0 Or) the elastic and inelastic crosssections present an out of phase oscillatory structure whatever be the parity of the angular momentum transfered [1, 2] . This oscillatory behaviour has already been interpreted as a quantal interference effect between two classical trajectories which contribute to the elastic and inelastic cross-sections at each scattering angle [3, 4] .
On the other side of 8r, (0 &#x3E; 0J the elastic and inelastic cross-sections drops rapidly to very low values. However, in a recent experiment [5] it appears that in place of this common monotonic decrease, we observe well defined in phase oscillations (see figure 1 and reference [5] ).
The aim of the present letter is to show how this oscillatory behaviour can be qualitatively [6] and quantitatively explained in terms of semi-classical arguments. As long as the incident energy remains slightly above the Coulomb barrier, the negative branch has a negligible contribution to the total scattering amplitude.
For 0 &#x3E; Or the contribution of the positive branches, when evaluated in the simplest approximation (the Airy approximation [8] ) gives the above mentioned decreasing behaviour or rainbow effect (dotted curve, Fig. 1 ). When the energy increases, the contribution of the negative branch is no longer negligible, particulary for angles where the rainbow scattering crosssections has fallen to very low values, i.e. for 0 &#x3E; 0r. Taking into account the negative branch with I values denoted by ln, the semi-classical elastic crosssection is defined by [8] Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:01975003605011700 are respectively, the classical cross-section for the negative branch and the Airy approximation [8] for the rainbow scattering (the contribution from the two positive branches) ; q is the curvature of 0(/) at I = lr. In (1) [4] and [9] ). The result we obtain is where ~r,n(4.n~ ~ J1) are the inelastic amplitudes evaluated for I = /r and I -ln respectively. From expression (5) and from its comparison with (1) we obtain two important conclusions :
i) The oscillations in the inelastic cross-section of even and odd parities, are out of phase [10] .
,
ii) The oscillations in the inelastic cross-section should be in phase or out of phase with the elastic oscillations, according to whether the parity of the excited state is even or odd. This phase rule between the elastic and inelastic cross-section is just the inverse of the well known Blair phase rule [11] (1).
The results of a numerical calculation with expressions (1) and (5) for the elastic scattering and inelastic 2+ (4.43 MeV) excitation of C12 incident on Al2' at EL = 46.5 MeV [5] are presented in figure 1 . The classical deflection function (upper part of Fig. 1 In spite of the crude approximation used in the description of the rainbow scattering, the essential features of the experimental results are quite well reproduced.
(1) The Blair phase rule is applicable at higher energies where the Coulomb amplitude is less important.
